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Abstract 
In the field of studying factors that influence infrastructure sustainability (IS), it seems that cultural influences are 
scarcely mentioned compared with social, economic and environmental in fluences. So we aim to exp lore  
relationships between cultures and IS in th is study by analyzing how national culture influences infrastructures’ 
owner attitudes and behaviors when an infrastructure project is implemented. A case study method is adopted 
including four projects in  China, United Arab  Emirates and Sri Lanka. Data is co llected through interviews. 
Differences on aspects of IS of the four projects  are found and discussed on the basis of Hofstede's theory. It was 
found that among the five dimensions in Hofstede's theory, IDV, UAI and LTO help exp lain most of the difference. 
In the end, a framework is formed to reveal the relationship between culture and IS. Gaining information on the 
relationships is of great importance to help infrastructure owner change their mind to promote IS level. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
and Construction 2016. 
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1. Introduction 
In the fields of exploring factors affecting infrastructure sustainability (IS), research outcomes are mainly  
presented in the form of indicator systems. Till now, a variety of factors influencing IS have been exp lored and 
classified to several domains: economy, environment and society or other domains  [1-5]. It seems that culture itself 
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is seldom considered as a factor affecting the IS and it is never treated as a domain. Namely, relat ionships between 
culture and IS are not well known. Mehmet A. Boz [6] put up with a holistic systems framework for sustainability, 
which emphasized social and cultural d imension in the indicator construction, but indicators still main ly fell in the 
social domain. Mayfield et  al. [7] investigated the predictability of national cu ltural models on infrastructure 
development. Lingegard et al [8] found that a conservative culture makes it d ifficu lt to implement new contract types 
of infrastructure. All the above indicate that national culture may have something to do with IS. In 2014, the latest 
69th conference of the United Nations pointed out the role of cu lture as an enabler and potential driver of sustainable 
development [9]. Infrastructure sustainability underpins the sustainable development, which demonstrated that 
culture may  also influence the IS. However, researchers pay a little  attention to the relationship between culture and 
infrastructure sustainability, which therefore this paper seeks to explore. 
Different societies have different patterns of response to the problems of social life [10], which are rooted in 
cultural d ifferences. Culture is an enabler of sustainable development [11] and has become a ma instream topic in  the 
construction industry over the last decade [12]. A framework which emphas izes the integration of infrastructure 
users, communit ies, public and private sectors should take the recipients’ culture, beliefs and values into account 
[13]. Besides, cultural issues are likely to breed conflicts among participators and bring about difficu lties in project  
management [14], and thus may influence the construction process of infrastructure and the way in frastructure being 
operated. 
Albeit some efforts have been made, cultural processes and the consequences of culture are not well understood 
[15]. And key indicators of infrastructure are relat ively unexplored in their relationships to national culture [7]. We 
thus set up an exploratory study to explore the relationship between culture and infrastructure sustainability. 
Hypothesis is made that infrastructure projects’ owners in a certain culture pay attention to different aspects of IS 
and behave differently  concerning IS. That is, it is their attitudes and behaviors influenced by culture affect IS. 
Based on this hypothesis, we layout our research design to verify the hypothesis and explore relations between IS 
and culture. A case study of four d ifferent projects invested by four different owners from three countries (China, 
United Arab Emirates and Sri Lanka) and executed by two Chinese contrac tors is selected and Hofstede's theory is 
used to assist the exploration.  
2. Case study 
2.1. Profiles of the cases 
A summary of the four projects is given in  Table1. The projects are: a  TV station in China (coded as PC1);  an 
airport project in the United Arab Emirates (PE); a highway project in Sri Lanka (PS); and a road project in China 
(PC2). 
     Table 1. A summary of projects in this study. 
 Contrctor1 Contractor 2 
Owner code C1 E C2 S 
Project code PC1 PE PC2 PS 
Location China UAE China Sri Lanka 
Project type TV station Airport Highway Road 
Owner type Broadcasting and 
Television Bureau 
Airport Company Road 
administration 
Road 
administration 
2.2. Research method: comparative case study 
What we do is to explore a h idden relationship between IS and culture. By co mparing sustainability differences 
between different projects constructed by two contractors from the same group, we may find how cu ltural 
differences affect IS. So, the study is basically an  exp lorative comparat ive research of cultural differences. In  the 
field of qualitative study, ethnography and case study are included. When tied with a concrete project—a case, IS 
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can be measured by interviewing people engaged. So the study adopts a comparative case study methodology.  
A hypothesis is made that it is national culture that influence owner’s attitudes and behaviours, which influence 
infrastructures’ sustainability and then. In order to verify the hypothesis, we make a comparison (coded as ķ in 
Figure 1) between two diffe rent infrastructures in china conducted by contractors belong to the same group, which  
guarantees a homogeneity of control variable—contractor. The two owners are all in China. Thus they share the 
same national culture background. If the two  projects held by the two  owners have few differences in sustainability, 
the hypothesis would be tested, which  would  manifest organizat ional cu lture scarcely  influence IS at  the same time. 
Followed is comparison between project PC1 and PE, PC2 and PS (coded as ĸ and Ĺ separately). Figure 1 
illustrated the research method design described above. 
Project
PE
Project
PC1
Project
PC2
Project
PS
Owner E
Owner
C1
Owner
C2
Owner S
Contractor 1 Contractor 2
Parent company
ķĸ Ĺ
Variable
Control
variable
 
Fig. 1. Research method design. 
2.3. Data collection 
In this study, relationships we seek to exp lore are between culture and IS. Therefore, we need data of the three 
countries’ culture and sustainability of the four infrastructure projects. Scores in the five cu lture dimension of the 
three countries are availab le on the Hofstede center website, which has been shown in Tab le 2. So the point is to get 
data of infrastructure projects’ sustainability, for which indicators assessing the IS are needed. In this study, we 
choose the Envision system to assess the IS. Envision is sustainability rat ing system and planning guide for 
introducing sustainability considerations into infrastructure projects. In Envision [16], indicators are divided to five 
categories: Quality of life (QL), Leadership (LD), Resource allocation (RA), Nature world (NW) and Climate risk 
(CR). The performance of every project on behaviors described by different indicators will be scored from 1 point to 
5 point respectively. 1 point means the worst performance and 5 points mean the best. The raters were people 
directly concerned with the project, so that their respons es could be based on first-hand knowledge rather than 
hearsay. 25 participants were engaged, 13 from Contractor1 and 12 from Contractor2.  
Table 2. Cultural dimension scores of PRC, UAE and Sri Lanka. 
Country PDI IDV MAS UAI LTO 
China 80 20 66 30 87 
Sri Lanka  80 35 10 45 45 
United Arab Emirate 90 25 50 80 25 
3.  Results and Discussions 
3.1. Analysis 1: PC1 Vs PC2 
As shown in Table3, only two indicators’ scores are in the d ifferent set (scores from1 to 3 fells into the same set 
ülow sustainability level, scores from 3-5 fells into the same setühigh sustainability level), ind icating that project 
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PC1 and project PC2 are in the similar sustainability level, which verify the hypothesis proposed in section 2.2. 
Although scores in indicator CR5.2.4 of the two projects are in the same sets, the difference between their average 
score is more than 1. We would make further exp lanations to illustrate the two projects’ different scores in LD2.2.1, 
NW4.1.7 and CR5.2.4 is caused by some other special reasons, instead of cultural factors. 
Table 3. Scores in indicators assessing PC1 and PC2 that are in different sets. 
 Mean  Variance 
 PC1 PC2 D1 PC1 PC2 
LD2.2.1 2.83 3.00 -0.17 1.81 0.00 
NW4.1.7 3.17 2.00 1.17 1.47 0.00 
CR5.2.4 2.50 1.17 1.33 1.92 0.14 
 
Indicator LD2.2.1 is “the construction of the infrastructure pursues by-product synergy opportunities”. From 
Table3, we can see that all of the raters coming from pro ject PC2 agree to a score “3” in LD2.2.1 (mean of 3 and 
variance of 0). While in project PC1, raters give scores from 1 to 5, resulting in a 1.81 variance and an overall low 
degree (2.83). Actually, we have found the huge difference when we conducted the rating, so we made a further 
investigation back then. The rater scoring 1 for indicator LD2.2.1 (PC1.2) and the rater scoring 5 (PC1.4) were 
asked about the reason they gave their score. PC1.2 in business department said project PC1 he engaged was a TV 
station. Owner of the project is Broadcasting and Television Bureau, who has sufficient funds and has no intention 
to pursue by-product synergy. So PC1.2 gave the score “1” . While PC1.4 in  technology department said from 
construction technology program, he perceived great potential in by-product synergy so he gave the score “5”. 
Therefore, a  high variance and low mean of indicator LD2.2.1 results from the raters’ discrepant work experience 
and perception of by-product synergy. 
Indicator NW4.1.7 is about owner of a project conserve undeveloped land by locating projects on previously 
developed fields. Project  PC1 is located in down town, in which  barely  exists land that is undeveloped. Besides, the 
project is located in its former site. A h igh score in indicator NW4.1.7 is reasonable. While pro ject PC2 is located in  
field, which inevitably needs to occupy undeveloped land and a low score was given in this indicator. Hence, 
difference in indicator NW4.1.7 is caused by the two projects’ particularities, or their nature, instead of cultural 
factors. 
Scores in indicator CR5.2.4 of the two pro jects are in  the same set, but their difference is huge (larger than 1). 
Reasons are exp lored either. Similarly to indicator LD2.2.1, scores in indicator CR5.2.4 g iven by raters from project  
PC2 are almost concordant (five deem the performance of PC2 on CR5.2.4 is the worst and one deems second 
worst). The raters said requirements for preparing for short-term hazard in the highway project cover a wide range, 
but the project owner just considered a few of them. So they all agreed to a low score, which brings an extremely  
low mean score of this indicator—1.17. While for p roject PC1, the requirements for p reparing fo r confronting the 
short-term hazard are narrow comparat ively and have been regulated, so the ability of pro ject PC1 to confront short -
term hazards is relatively high. 
Therefore, sustainability level of the two projects, whose owners come from the same national culture 
background, could be considered equal. Conclusion could be made that: firstly, the two owners’ perception and 
behavior when the project  is implemented are similar;  secondly , organizat ional cu lture scarcely influences the IS. 
Therefore, hypothesis proposed in section 2.2 is verified and provides a basis for later analysis . 
3.2. Analysis 2: PC1 Vs PE 
In the comparison between project PC1 and PE, we focus on analyzing which of the five cultural d imensions and 
how they contribute to the difference between the two projects. In Table 4, we list indicators and indicators ’ scores 
of the two projects felling into different set or has a huge difference (typically larger than 1). A lso, cultural 
dimensions contributing to the difference are t icked for the sake of clearance. For d ifferences that cannot be 
explained by Hofstede, other reasons may result in the consequence are list ed on the right array. 
 
1230   Junna Meng et al. /  Procedia Engineering  145 ( 2016 )  1226 – 1233 
Table 4. Mean of indicators’ scores of PC1and PE and reasons resulting differences. 
Indicator 
Code 
Mean Culture dimensions Indicator 
Code 
Mean Culture dimensions 
Other reasons 
PC1 PE IDV UAI LTO PC1 PE UAI LTO 
QL1.2.2 2.67 3.43 Ĝ Ĝ  RA3.3.1 2.33 3.43   
Lacking water in UAE 
QL1.2.3 2.83 3.86 Ĝ Ĝ  RA3.3.2 2.67 3.57   
QL1.2.4 3.50 4.57 Ĝ   NW4.1.1 2.83 3.29   
QL1.2.5 3.17 4.57 Ĝ   NW4.2.2 2.83 3.14   Lacking water in UAE 
QL1.2.6 2.50 4.57 Ĝ Ĝ  CR5.1.1 2.83 3.29 Ĝ   
QL1.3.1 2.67 3.29   Ĝ CR5.1.2 2.83 3.57 Ĝ   
QL1.3.2 2.67 3.71   Ĝ CR5.2.1 2.50 3.71 Ĝ   
LD2.1.2 3.00 4.00  Ĝ Ĝ CR5.2.3 2.83 4.29 Ĝ   
LD2.3.1 3.00 4.29  Ĝ Ĝ CR5.2.4 2.50 3.43 Ĝ   
Most of scores of indicators in the first category have manifest differences between the two projects. Scores in  
QL1.2.4, QL1.2.5 of the two pro jects fall into the same set, but the d ifference is larger than 1. We therefore exp lore 
the reasons. QL1.2.4 is about improving community mobility and access, and QL1.2.5 is about encouraging 
alternative modes of transportation. They are all related to providing community facilit ies. In Hofstede’s theory, 
community members belong to out-group members and a low IDV score means people in the country concern about 
in-group members and are indifferent toward out-group members. UAE has a higher IDV score than China, so 
project PE behaves better than China in what described in the two indicators. 
Next  we analyze scores in indicator QL1.2.2, QL1.2.3, QL1.2.6, QL1.3.1, and QL1.3.2. The first three indicators 
are about reducing construction noise and air pollution, ensuring local safety. PE has a mean score more than 3 
while China less than 3. On the one hand, such results have some things to do with IDV—  in a low IDV country, 
people do not care about out-group members, so project owners behave not very well in coping with noise, pollution 
and potential danger the construction of projects may cause to others; On the other hand, the results can be explained 
by the UAI domain. In the high UAI country (UAE), people tend to avoid risks—noise, pollution and potential 
danger in the process of construction. Once being complained, they will confront huge compensation, which they 
are not willing  to see. So  they take more measures to reduce constructions noise, pollutio ns and potential danger 
than owners in China. The last two ind icators are about preserving historic and cultural resources and LTO would  
help exp lain  why PE has a higher score: Countries with a low LTO score tend to have a tradition-oriented mentality 
and emphasize respect for tradition. So PE behaves well in preserving historic and cultural resources, views and 
local character. Such consistency well testifies a relationship between national culture and aspects of IS. 
In the second category of indicators, the scores in LD2.1.2, LD3.1.3 of the two projects differs much, which can 
also be explained by UAI. Afraid of future risk, the project PE’ owner in UAE tends to do more to build a 
sustainable management system and plan  for long-term monitoring. Besides, LTO could also help understand the 
differences: people in countries that have a high LTO tend to be thrifty and they are unwilling to consume in  
advance. When it comes to project construction, owners behave similarly—they scarcely invest in programs for 
future sake. Sustainable management system (SMS) and long-term monitoring are on the list. A rater in pro ject PC1 
said: “they (the owner of project PC1) think there is no necessity to invest on SMS”. 
In the third  category of indicators—about using material, energy and water, the two  projects behave similarly: 
both of them get a low mean score. China has been criticized for stressing economic development too much  and 
ignoring sustainable development for many years. Though plan of using renewable energy has been p ut up, it has 
not been popularized and construction companies still pay little attention on saving energy and using sustainable 
energy. It is known that UAE is a country abounding with petroleum. For people in UAE, their awareness of saving 
energy is weak¬¬wide acceptance of using sustainable energy has not gained  because of the misconception that 
sustainability initiat ives will cost an arm and a leg to implement [ 17], which results in projects’ poor behavior in  
using sustainable energy and saving construction materials. While in terms of water, things changed. UAE is starved 
of pure water and people in UAE are devoted to desalination, which is exorbitant. So they become thrifty in using 
pure water, which bring a high score in RA3.3.1 and RA3.3.2. 
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Next  is analysis of the fourth category of indicators. The d ifference between the two  projects’ scores in NW4.1.1 
is also logically justified by the difference of LTO scores. UAE has a lower LTO score and owners in UAE 
emphasize respect for tradition, so project PE got a higher score in NW4.1.1 about preserving prime habitat. 
The last category of indicators is about climate risk. Difference of the two projects in these indicators could also 
be explained by UAI. Reasons have been elaborated above so here we do not make a dilatation. 
Overall, differences in IS do relate to national culture dimensions, especially to IDV, UAI and LTO. 
3.3. Analysis 3: PC2 Vs PS 
Comparisons between project PC2 and PS are analogous with PC1 and PE. In Table 5, we list indicators and 
scores of the two  projects felling  into different set or has a huge difference. Taking an overview, it is found that 
nearly all indicators’ scores of PC2 are lower than that of PS except scores in the second category of indicators. 
Reasons why PC2 gets a lower score in the other four categories of indicators are similar with the reasons explored  
in the last section. So we focus on explaining the reason for differences in the second category of indicators’ score. 
     Table 5. Mean of Indicators’ score of PC2and PS and reasons resulting differences. 
Indicator 
Code 
Mean Culture dimensions 
Other reason 
Indicator 
Code 
Mean Culture dimensions 
PC1 PE IDV UAI LTO PC1 PE UAI LTO 
QL1.1.3 2.83 3.60 Ĝ    NW4.1.2 2.00 4.00  Ĝ 
QL1.2.2 2.83 3.00  Ĝ   NW4.1.3 2.17 4.00  Ĝ 
QL1.2.3 2.67 3.40  Ĝ   NW4.1.4 1.83 4.00 Ĝ  
QL1.2.6 2.83 4.20  Ĝ   NW4.1.5 2.00 4.60 Ĝ  
QL1.3.1 2.83 3.60   Ĝ  NW4.1.7 2.00 4.20 Ĝ  
QL1.3.2 2.83 3.40   Ĝ  NW4.2.1 1.50 4.00 Ĝ Ĝ 
LD2.1.3 4.83 2.40 Ĝ  Ĝ  NW4.2.2 1.83 3.60 Ĝ Ĝ 
LD2.1.4 3.00 2.60 Ĝ  Ĝ  NW4.3.1 1.33 4.20  Ĝ 
LD2.3.2 3.50 2.80 Ĝ  Ĝ  NW4.3.2 1.17 3.20  Ĝ 
RA3.1.5 2.50 3.20   Ĝ Lacking 
developed 
technique 
NW4.3.3 1.17 4.40  Ĝ 
RA3.1.7 2.50 3.40   Ĝ NW4.3.4 1.17 4.80  Ĝ 
RA3.2.1 2.83 3.60    
Energy utility 
structure 
CR5.1.1 2.00 3.60 Ĝ  
RA3.2.2 2.17 3.20    CR5.1.2 2.33 3.80 Ĝ  
RA3.2.3 2.17 3.00    CR5.2.1 1.17 3.40 Ĝ  
RA3.3.1 2.00 3.20 Ĝ   Water protection 
measures and 
status 
CR5.2.3 2.00 3.80 Ĝ  
RA3.3.2 1.83 3.00 Ĝ   CR5.2.4 1.17 3.80 Ĝ  
NW4.1.1 2.00 3.60   Ĝ  CR5.2.5 2.00 2.60 Ĝ  
The second category of indicator is about leadership, such as fostering collaboration and teamwork, provid ing for 
stakeholder involvement and addressing conflict ing regulations and policies. Guanxi and Mianzi would help  
understand differences in the two  projects’ scores in LD2.1.3, LD2.1.4 and LD2.3.2. They are related to the h igh 
LTO score and low individualis m in China [10]. In such a culture, people emphasize long term collaboration so they 
take effo rts to foster collaboration and provide for stakeholder involvement . With close guanxi and mianzi, owner of 
infrastructure project can easily negotiate with local government concerning conflicting regulations and policies . 
Next  is analysis on the third category of indicators. Logically, it seems that because China has a high score in  
LTO, owner of PC2 should have been thrifty and plan for the future—tries to save energy, recycle materials and use 
sustainable energy. But things are not like that: though Sri Lanka has a lower score in LTO than China, pro ject PS 
behaves better in saving energy, recycling materials and using sustainability energy than PC2. What result s in such a 
situation? Raters from technology department throw light on the inconsistency: Chinese people tend to be thrifty, 
1232   Junna Meng et al. /  Procedia Engineering  145 ( 2016 )  1226 – 1233 
and Chinese companies are not exceptions. But this only happens when “benefits” of thrift exceed “cost” of thrift. 
For construction industry, the cost of being thrifty (diverting waste from landfills and providing for deconstruction 
and recycling like RA3.1.5, RA3.1.7 described)—developing techniques and instruments to divert waste to materials 
qualified for construction—is high. Hence, project owners would rather use normal materials than recycled or 
diverted waste, whose quality and safety are full of uncertainty. So PC2 got a low score in RA3.1.5 and RA3.1.7. 
Scores in RA3.2.1, RA.3.2.2, and RA3.2.3 can be analyzed from the perspective of the two countries’ energy 
structure. According to [18], Sri Lanka has a hydropower dominated power system with approximately  two thirds of 
its generation capacity based on large hydro plants. The remain ing is based on oil fired thermal generation. While in  
China, coal accounts for 75% in power system; natural gas  and oil make up 14% of the generation; and sustainable 
energy only constitutes 11% of the energy [19]. Application of new energy is just the beginning. There exist few 
measures to monitor the whole energy system. Besides, construction industry in China still follows a resource-
intense developing model though building a resource-saving society has been put forward for many years. Therefore,  
it is intelligible that project PC2 got a low score in RA3.2.1, RA.3.2.2, RA3.2.3. 
As for the difference in scores in RA3.3.1 and RA3.3.2 of the two projects , it is related to the two countries’ 
water use and protection measures and policies. Issues are neglected such as rural water, groundwater, agricu ltural 
pollution, and domestic sewage in China [20]. PC2 is constructed in fields, there are no special provisions for 
protecting water in ru ral areas and there are no facilit ies to collect rain and used water. Besides, a lack of ownership 
of water also causes project owners’ indifferent to water protection and recycle use. While in Sri Lanka, there exist 
specific ownership and access right of water. A landowner is regarded as owning the water underneath his land [21]. 
It is intellig ible that when water using interests is tied with a certain person or organization, they will take effort to 
protect water. Therefore, PS in Sri Lanka gets a higher score in RA3.3.1 and RA3.3.2 than PC2. 
3.4. Framework of culture and IS relationships 
Analysis above show that national culture influences IS by affect ing infrastructure owners ’ behaviors and 
perception when the project is implemented. Analyses 1 reveals that the two  projects, which are invested by owners 
from the same country, are almost in the same IS level. And influences of organizational culture are excluded at the 
same time. Analysis 2 and 3 confirmed that IS levels are ach ieved differently across counties. Dimensions of culture 
are applied to analyze the differences in IS level, and relationships between culture and IS are exp lored through the 
analysis process, which is illustrated in Figure 2. 
 
National culture
Infrastructure 
sustainability
IDV UAI LTO
Quality of 
life Leadership
Resource 
allocation
Nature 
world Climate risk
 
Fig. 2. Influence path of culture to IS. 
4. Conclusions 
This study contributes to understanding IS from a perspective of culture. Using a special analysis design, we 
control the influence of organizational cu lture, verify proposed hypothesis and make comparisons between PC1 with 
PE, PC2 with PS by applying the dimensions of culture to analysis. Conclusions are found below.  
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x IS are perceived and managed differently by project owners in different national cultures, which are instilled in 
infrastructure owners' minds and influence their thoughts, values, behaviors and construction practices. 
x Relationships between culture and IS has been found by applying the dimensions of culture to explain differences 
in IS levels of the four infrastructure projects: owners from different countries behave differently in aspects of IS, 
which can be attributed to discrepancies in characteristics of the five dimensions of culture. These discrep ancies 
exactly represent cultural differences. Besides, among the five dimensions of culture, UAI, LTO and IDV play 
the main part in acting as a “bridge” connecting IS and culture, as showed in Figure2. 
The study has limitations. Only Chinese contractors were selected as raters for the foreign projects and no local 
participants were engaged due to external difficulties. Supplementing of such data will ameliorate the result.  
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